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0DQ\OLWHUDWXUHVKDYHEHHQUHSRUWHGDERXWWKHFUHHSEHKDYLRXUVRIUHSDLUZHOGVXQGHUGLIIHUHQWFRQGLWLRQV>@
3HUIRUPDQFH RI UHSDLU ZHOGLQJ RQ VHUYLFH DJHG ZHOGPHQWV LQGLFDWHV WKDW D JUHDW GLIIHUHQFH RFFXUV EHWZHHQ WKH
RULJLQDODQGUHSDLUHGZHOGV>@7KXVLWLVRIJUHDWVLJQLILFDQFHWRRSWLPLVHWKHUHSDLUWHFKQLTXHVDQGWRLPSURYH
WKHFUHHSVWUHQJWKDQG OLIHH[WHQVLRQRI WKHUHSDLUZHOGV0HWKRGVVXFKDVXVLQJZHOGPHWDO WKDWEHWWHUPDWFK WKH
SDUHQW PHWDO DGHTXDWH UHSDLU ZHOG JHRPHWU\ DQG VXEVHTXHQW SRVW ZHOG KHDW WUHDWPHQW 3:+7 FDQ EH XVHG WR
LPSURYH WKH UHOLDELOLW\ LQ SHUIRUPLQJ UHSDLUZHOGLQJ >@+RZHYHU WKHUH LV QR DYDLODEOH VWDQGDUG RU WHFKQLTXH






1.1. Materials  
7KHSLSHVHFWLRQZLWK3*75&0&U0R9GLVVLPLODUMRLQWZKLFKKDVDQRXWHUGLDPHWHURIPPDQGD
WKLFNQHVVRIPPZDVXVHGLQWKLVLQYHVWLJDWLRQ7KLVSLSHZDVLQWKHFRQGLWLRQRIQRQVHUYLFHDQGZDVVXSSOLHG




0DWHULDO & 6L 0Q 3 6 1L &U 0R 9
3         
&U0R9         
*75&0         




RI:0RQWKHRXWHUVXUIDFHLVW  PPIRUWKHRULJLQDOZHOGDQGW PPIRUWKHUHSDLUZHOG7KHPHWKRG
RIZHOGLQJXVHGZDVPHWDO LQHUWJDV0,*7KHPDWHULDOVDUHSUHKHDWHGDWԨ WKH LQWHUSDVV WHPSHUDWXUHZDV
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1.3. Creep testing  
7KH FURVV ZHOG VSHFLPHQV IRU FRQVWDQW ORDG FUHHS WHVW ZHUH H[WUDFWHG IURP WKH RULJLQDO DQG UHSDLUHG MRLQWV
UHVSHFWLYHO\7KHZHOGPHWDO+$=DQGSDUHQWPHWDOVDUHFRQWDLQHGLQWKHVHVSHFLPHQVWDNHQQHDUWKHRXWHUVXUIDFH
RIWKHSLSH7KHFUHHSEHKDYLRXUVRIERWKMRLQWVZHUHWHVWHGDWWKHWHPSHUDWXUH&DQGLQWKHVWUHVVUDQJHWR
 03D &66 W\SH FUHHS PDFKLQHV HTXLSSHG ZLWK D WKUHH]RQH WHPSHUDWXUH FRQWURO IXUQDFH DQG DQ
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7KHPHDVXUHGFUHHSFXUYHV LQ WKHIRUPRIVWUDLQvs WLPHDWYDULRXVVWUHVV OHYHOVDW&IRU WKHRULJLQDODQG
UHSDLUHGMRLQWVDUHVKRZQLQ)LJDDQG)LJEUHVSHFWLYHO\7KHFUHHSFKDUDFWHULVWLFRIZHOOGHILQHGSULPDU\
VWHDG\DQG WHUWLDU\FUHHSVWDJHVFDQEHREVHUYHGDWGLIIHUHQW WHVW FRQGLWLRQVDQG WKHFUHHS VWUDLQDFFXPXODWLRQ LQ
WHUWLDU\ VWDJH UHVXOWLQJ IURP IUDFWXUH QHFNLQJ LV ODUJHU WKDQ WKDW LQ WUDQVLHQW DQG VHFRQGDU\ FUHHS VWDJHV 1R




2.2. Stress dependence of creep rate and rupture life 
7KHPLQLPXPFUHHSVWUDLQ UDWH LQFUHDVHVZLWK LQFUHDVH LQ VWUHVV DQG WKHLU UHODWLRQVKLSREH\HG1RUWRQ¶VSRZHU
ODZDV>@
n
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
5HSDLUHG î  î 
2.3. Fracture behaviour 
)RUWKHFURVVZHOGVSHFLPHQVIDLOXUHDOZD\VRFFXUUHGLQWKH&U0R9SDUHQWPHWDODZD\IURPWKH+$=7KLV
LVLQGHSHQGHQWRIVWUHVVOHYHOVRUWKHW\SHRIGLVVLPLODUMRLQWDQGRQHFDVHWHVWHGRQWKHUHSDLUHGZHOGDW&
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
)LJ23LPDJHVVKRZLQJFDYLWLHVDQGHORQJDWHGJUDLQVDGMDFHQWWRIUDFWXUHIRUFURVVZHOGVSHFLPHQWHVWHGRQWKHUHSDLUHGMRLQWDW&03D
,Q WKLV LQYHVWLJDWLRQ WUDQVJUDQXODU IUDFWXUHZDVREVHUYHGDW DOO VWUHVV FRQGLWLRQV IRUERWKRULJLQDO DQG UHSDLUHG









IRU ERWK RULJLQDO DQG UHSDLUHG GLVVLPLODU MRLQWV 7KH VWUDLQ DFFXPXODWLRQ LV WKH ODUJHVW GXULQJ WKH WHUWLDU\ VWDJH
FRPSDUHGWRWKHWUDQVLHQWDQGVHFRQGDU\VWDJHV7KLVLVLQFORVHUHODWLRQVKLSZLWKWKHQHFNLQJHIIHFWRFFXUVRQWKH
WHUWLDU\VWDJHDGMDFHQWWRIUDFWXUH
0LQLPXPFUHHSVWUDLQ UDWH LVGHILQHGDV WKHEDODQFHYDOXHEHWZHHQ WKHSURFHVVHVRIKDUGHQLQJ LQ WKH WUDQVLHQW
VWDJHDQGUHFRYHU\LQWKHWHUWLDU\FUHHSVWDJH7KHUHODWLRQVKLSEHWZHHQPLQLPXPFUHHSVWUDLQUDWHDQGVWUHVVDSSOLHG




DQG WKH VWUHVV H[SRQHQW v GHFUHDVHV ZKLOH VWUHVV FRHIILFLHQW A LQFUHDVHV DIWHU IXOO\ UHSDLULQJ 2Q D ZKROH WKH
PLQLPXP FUHHS VWUDLQ UDWH DW DOO VWUHVV OHYHOV LV VPDOOHU IRU WKH UHSDLUHGZHOG FRPSDUHGZLWK WKH RULJLQDO ZHOG
ZKHUHDV WKH UXSWXUH WLPHEHFRPHV ODUJH DIWHU UHSDLUZHOGLQJ$Q HQKDQFHPHQW LQ FUHHS VWUHQJWK FDQEH REWDLQHG
DIWHU IXOO\ UHSDLUV+RZHYHU WKHGLIIHUHQFHEHWZHHQ WKHVH WZR W\SHVRIGLVVLPLODU MRLQWVZDVQRWYHU\ VLJQLILFDQW
WKXVWKLVHQKDQFHPHQWKDVOLPLWHGHIIHFWRQWKHFUHHSVWUHQJWKRIWKHGLVVLPLODUMRLQWXQGHUWKLVFRQGLWLRQ
2QWKHRWKHUKDQGWKHVWUHVVH[SRQHQWYDOXHVn DQGvIRUERWKWKHRULJLQDODQGUHSDLUHGZHOGVDUHYHU\FORVH










7KLVSDSHUIRFXVHGRQ WKHFUHHSEHKDYLRXUVRI IXOO\ UHSDLUZHOGLQJRQD3*75&0&U0R9GLVVLPLODU
MRLQW &UHHS WHVWV DW Ԩ LQ WKH VWUHVV UDQJH 03D ZHUH FRQGXFWHG RQ FURVV ZHOG VSHFLPHQV ZLWK WKH
RULJLQDODQGUHSDLUZHOGVUHVSHFWLYHO\
7KHFUHHSVWUDLQVZLWKWLPHFXUYHVZHUHEURDGO\WKHVDPHEHIRUHDQGDIWHUWKHLQWURGXFWLRQRIUHSDLULQJ+RZHYHU





&U0R93GLVVLPLODU MRLQW DIWHU ORQJ WHUPFUHHSSURJUDP *UDQW1R.</;B DQG WKH1LQJER1DWXUDO
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